Abstract. The purpose of the work is to assess the possibility of preparation of poor washability, high-ash coals demonstrated by the example of the Apsat deposit. The following tasks have been accomplished. The analysis of modern equipment produced for washing of large classes of coal: heavy-medium separators and jigging machines. The most preferred were the heavy-media separator SKVP, jigging machines ROMJIG and BATAC. The analysis of mathematical models of processes and technologies of gravitational processing for determining the yield and ash content of the concentrate has been carried out. Algorithms and computer programs have been developed in which two mathematical models of the processes of heavy-media preparation and jigging machines have been used that allow determination of the separation densities at which the maximum yield of the total concentrate of the required ash content is reached. The computational experiment carried out showed that in processing of high ash diluted coals with poor washability, it is expedient to use SKVP separator and a jigging machine ROMJIG.
Introduction
Recently, more and more attention has been paid to the processes and technologies of coal preparation. Such technologies belong to the priority direction "Rational Nature Management" and allow a more complete extraction of the combustible mass from run-ofmine coal. Coal plays a significant role in the energy balance of Russia and especially Siberia [1] . In developing deposits, diluted rock mass is formed, which due to high ash content cannot be sold. It is only possible to increase its commodity value, especially for large classes, after its preparation.
Materials and Methods
Beneficiation of large classes of energy coals, as a rule, is carried out in one stage with the separation of two products: concentrate and rock. The density of separation depends on the fractional composition of coal, the quality requirements of the products obtained and is taken equal to 1.65 to 2.05 g/cm 3 . To implement this scheme, heavy-media wheel separators SKVP [2] , drum separators WEMCO [3] and jigging machines BATAC and ROMJIG are used to process large coals [4] [5] [6] .
Since 1975 Teska type heavy-media wheel separators SVKP have found the greatest distribution in Russia in preparation of coals, anthracites and shales with lump size of 13 (25) to 300 mm due to reliability and high efficiency of separation. The designs of separators and technical characteristics are presented in sufficient detail in the reference literature [2] .
In 1985 the jigging machine ROMJIG by MBE was successfully tested in difficult conditions during continuous operation at the Emil Mayrisch mine in Germany. The machine was used to separate rocks from anthracite. The size of the processed material was 30 to 400 mm.
In the jigging machine ROMJIG, the unloading of rock and concentrate is carried out by a twin elevator wheel (Fig. 1) . The jigging process in this machine takes place in an water medium. Bed loosening required for preparation is implemented by lifting with the help of hydraulics and the subsequent sharp lowering of the swinging jigging sieve with the material on it. The draw of the rock is performed by a special unloader, which simultaneously restrains the flow of material. To regulate the thickness of the bed on the sieve during its rise in the hydraulic system, the pressure is measured, which is used as an input parameter in the unloader rotation speed control system. When the concentrate and rock are unloaded by the elevator wheel, there is also a partial dewatering of the material. The fines falling through the holes in the wheel get into the conical part of the machine and are transported through the sluice device for sorting by the size.
At the quarry in Binet (India), the following technology is used to wash coal with an ash content of 41 ÷ 45%. ROM coal is crushed to a particle size of less than 400 mm and is classified on a screen with a sieve hole size of 30 mm. Dry screening (less than 30 mm) is combined further with the product released from the machine through the sluice device and dehydrated on the screen. A large class of 30-400 mm is processed on three jigging machines ROMJIG [5, 6] .
The concentrate with a density of less than 1.9 g / cm3 with an ash content of 30-31% is combined with ROM coal to produce a product with 34% ash content and shipped to a power plant.
For underground operations, a ROMJIG machine with a small constructional height has been designed. In this version, the machine is equipped with a scraper conveyor, unloading the rock, on the canvas of which the preliminary water removal takes place. The lighter material above the rock falls into the tray and is unloaded from it by a large-diameter screw conveyor. The material, which has passed under the jigging sieve, is removed by means of a screw device and lifted by a bucket elevator with simultaneous dehydration.
The BATAC jigging machine produced by MBE for preparation of coals with a particle size of 13-150 mm (Fig. 2) is successfully used at the Ziminka preparation plant in Prokopyevsk, Russia. In its design the machine is based on air pulsation. Vibrational movement of water is set by means of air supplied to the air chambers located under the jigging sieve. Compressed air is periodically supplied to the chambers using electronically controlled pulsators, which expands to raise the water level, creating an upward flow relative to the sieve. The material on the sieve (bed) rises with the water and separates, depending on the density and size.
Small and light particles are in the upper layers of the bed, heavy and large -in the lower layers.
Further, the air supply by the pulsators is stopped and a time of pause occurs, during which the separation of the bed ends.
Then, the rotary dampers of the pulsators (depending on the design of the machine) release air from the air chambers into the atmosphere, creating a descending flow relative to the sieve. There is a condensation and movement of the material by transport water along the inclined sieve to the discharge pouch. Small heavy particles are discharged through the holes of the jigging sieve, large ones through the pocket. The lighter particles, together with the water, move to the next jigging compartment, in which the stratification process is similar.
In addition, sub-sieve water is supplied to the bottom of each jigging compartment, which enhances the ascending and weakens the downward flow of water.
The sub-grid arrangement of the air chambers allows achieving equal rates of ascending flow over the entire area of the jigging sieve, which contributes to an increase in the efficiency of separation of mineral particles in the machine.
Initial data
As raw material, coal of 25-100 mm in size was sampled at the Apsat deposit [7] , the fractional composition of which was determined by the SibNII-Coal Preparation Institute (Table 1) . 
Mathematical model
The use of a probabilistic method for the distribution of fractions of various densities into products of preparation for calculating the yields (1) and ash contents (2) of the concentrate in gravitational apparatuses first proposed by the authors of the publications [8] [9] [10] is mentioned in the work [11] :
where n -number of fractions; Φ(x i ) -the value of the probability integral; γ i , A d i − yield and ash content of i-th fraction; x i -deviation of average density of fractions ρ I from the intended separation density ρ.
The value x i for the jigging concentrate is calculated by the formula (3), for the heavymedia separator SKVP -by the formula (4): 2 2 0.675 1 ln 1 ln 1
Results and Discussion
At computer calculation [12, 13] of processes of gravitational coal washing, in technological schemes dilution of washing products in heavy-media separators SKVP is determined by the formula (5):
The values of the error of separation (imperfection) I in the formula (3) for the jigging machines ROMJIG® and BATAC® are taken according to the data of MBE, the machine manufacturer [6] , and are equal, respectively: 0.11 and 0.09.
The mathematical model and computer implementation of the probabilistic method of fractional distribution in calculating the technological scheme of coal enrichment in three machine classes in order to achieve the maximum yield of the total concentrate of the required ash content is shown in the works [14, 15] .
The publication [16] shows the realization of the well-known theorem of Reinhardt on the achievement of a maximum yield of the total concentrate of a given ash content in the enrichment of several coals.
In mathematical models of processes of gravitational enrichment the formulas published in [14] [15] [16] were used. Table 2 shows the results of computer simulation of the processes of gravitational enrichment of coals of the Apsat deposit, the fractional composition of which is presented in Table. 1. The values of the yields and ash contents of the concentrate for heavy-media enrichment and jigging machines were calculated at separation densities varying from 1.40 to 1.80 g/cm 3 . Computational experiments established:
1. The calculated value of the concentrate yield of the SKVP separator is higher by 0.2-0.3% of the concentrate yield of the jigging machines at a separation density of 1.7 g/ cm 3 . 2. For the mechanized separation of the rock in order to reduce the ash content of steam coals of large classes, it is advisable to use SKVP or ROMJIG, since BATAC can wash coal with a particle size of less than 150 mm.
3. It should be noted that the design features of the jigging machine ROMJIG allow to achieve: a minimum separation density of 1.5 g/cm
